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(PCA) FIELEHLLIL (SPA) FRAE, Ko T7 TAM B 45 RAE B G & B S5 48, R A SCRF I B (SVR) 0L
FEEHF 5 RETMBIA . (455 ISPA-SVR BURLPEAEAR T ILAAEAL, LTIk E RE (Rp) N 0.869 1, By Uil iR %
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Detection of anthocyanin contents in ripening winegrape skins by
near-infrared hyperspectral imaging technology

YANG Shugin'?, PENG Kang', LIU Xu’
(1 College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China;
2 Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture, Yangling 712100, China;
3 College of Enology, Northwest A&F University, Yangling 712100, China)

Abstract: [Objective] To detect the anthocyanin contents of winegrape skins during ripening stages using
hyperspectral imaging technology. [Method] The 900-1 700 nm near-infrared hyperspectral imaging technology
and multiple regression methods were used to build prediction models for anthocyanin contents in skins
of different winegrape varieties during ripening stage. Totally 75 groups of grape samples belonging to 6 varieties
were collected at 45 phases of mature stage, and their hyperspectral images were scanned. The spectrum
data were enhanced by different preprocessing methods. Dimensionality reduction was then performed by principal
component analysis (PCA) and successive projections algorithm (SPA). The anthocyanin contents measured by
chemical method were used as reference values, and the prediction models of anthocyanin contents were built
using support vector regression (SVR) method. [Result] The SPA-SVR model had the best performance of
prediction with the determination coefficient (Rf,) being 0.869 1 and the root mean square error of prediction
(RMSEp) being 0.135 9. [ Conclusion] It is feasible to use the hyperspectral imaging technology to realize non-

destructive and fast detection of the anthocyanin contents in winegrape skins of different varieties during ripening.
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B E SR S R A I B K, A A 2 SR SO R
INF, S B WGBS, P DABRP i 4 A A 6
H P R I T A 1 B R SR R R
HEEEW . Y T B v A T 0 B, Bk 2 1Y
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AG A A T R T 6] 267 1) A BE AT T Al s el e A
DABRI 213 & i b IRERERT AR ABHIERT &, FIH
OGS G S A 2 Tn Rl A 4 H 5 7 VR O AL
TE . HUILEBIRLE BRI OCR SR 1 IRFEA, HAX
T 1A SRR AT AR, FE R AT A
H—E BRI

gx BT, moti BUR B AE A AR G B e il
J7 T B T2 N, ARE T IR G 4 2 AR B
TrEMBE A D, H AT PR 5% B i B
R VPG 5 28] SR Rz AR e U 1 AT AR o AR AN
2 it s A S TR TP A A R B A e S B R
DAL RY, DA $E v A5 A P o7 4 A A € T R N 2k
2R, O0F T o TRV ] 1) de B SRR B, AT AR
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1 HRSE®

L1 tIeits
AT RN AREEER’ (Cabernet Sauvignon).
‘HALLVE’ (PinotNoir). “JANN’ (Meili)s ‘HEE%’
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(Marselan). ‘Pi$i’ (Shiraz). ‘FFE’
(Jianianhua) 6 /™ it A () BRI 219 28] B R SR 5

FE AR SR AR f0 0 BR PG 48 47 0 X B R, T
2015 4 7 H BRI & % (a5 1 J8F UG & S8 i
W ATFEACR SR . HHT /KA LIRS AN AR 1)
S, [R] RS R AR (R AR R A [R) 30 A6 1) 1) 78 6
HAFEZE T o NAEREAR AR, f3 203 & K
F Z BYRFEVE R A A R AR AN [F B A o X5 AN[F]
AR AR LA 7~10 d N 1 ANIATRG, & R A R
% 200 i, AL HH A ) 120 R &), 7R ORE SR
TR FEAS T S AR T2 R 008 6 4, B 20 SRR
WHIE N 1A, Hhpy 3 HAEAREREEAR, 5 3 4
TEREMFEAR, 3 HBFFFEARBEHLEEL 2 ZH4E D9
A, | AAENRIRE. BFIERE 4k, Hip
‘T WFCRET SR, M AAS T 75 AT
FOREAS, Horhill g 8E 50 41, £G4 25 4. ¥ At
AJHT-20 C HIRAFE, FrlInmt 7en FsE T =
T2 A T #% 30~60 min.

1.2 B

+ TR R (SDS)100 g; = LB I%
500 mL; 7S/K =& ME 100 g5 i A& H
(BSA)10 g; 5.0 mol-L™" [ AL 84 150 mL;
0 N 37% MIEEER W 1 L; vKESEZ 500 mL; S ALHY
500 g: T M R (BhoRER): LA RAK G TN AV
W[ V(R VEEMEAK)=2:11; WEERE 100 g; 1
R 2 mg; WAREM S g5 0 N 96% B L BEVE W
120 mL, [ JLAS & WL H Sigma-Aldrich, H A ik
Bk 5r Ml 1% A BT T RIA R A F .

1.3 A&

a3 BT R F IR RE G A, AN e B A
(Shimadzu UV-1700), Hi 73 # %4 3.3 nm HIT4L
AR % A% (ImSpector N17E, Spectral Imaging
Ltd., Finland), 320x256 1§ 2 (I FE CCD Rl #%
(XEVA3616, XenlCs Ltd., Belgium).

HEE A 45 AR 1E A CCD T FERR I 25 Bk
EAE BTG, BB AR S R RN R RS .
K67 It 454 Spectral SENS-VITE
(Gilden Photonics Ltd., England) /4R SHURE A 5
ik R . A EDGEE SR RE W 1 R, TRE
KAE 900~1 700 nm o [ Py 161 . TERUE RAH,
FHHLYIEE N 200 mm, BESEET (A2 10 ms, G
I E N 20 mm-s ',
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Fig.1 The components of hyperspectral imaging system

14 73k
1.4.1 REieFLeogEne BHEEER

Wi N B, BT 50 mg L A AREREN A 0.1%
() KPR UK K I W IR /N Joe A R o 307 B 58 B
A R, FBET I T B BRI, N ZE 1K e
Pe 2 UG, Fa J 7 LB i SR A 5E 4 R8s 0, SR
B T FORE 25 s I FROK 480 T, FRON T4 7
FE A, 2 BIAR B & (15 20 &) . R IERT,
ANEE SRS A AN 20 mL 7R R A T 8 G IR
VIR R 24 h, $hIE Gl X A7), I T-20 C %
FE I3 o

WE RS, FH 800 mL 2 B 1KV 5 g WATRE
B, A ENE IR 120 mL ¢ N 96% [ £ EEVE TR,
FAERBR A pH & 3.3, ININE B F/KE 1 L Ao i 4
28 % VA R . WL 400 L RSB AT F) 1.5
8¢ 2.0 mL BB, RPN 100 pL RV FEA

5 1mL FEEH M IR, /2500 T 57 5min.

1 mL 168 RO e 6B 0, FEATE
520 nm Kb EREL . TSR 1R AR AL A A 4
SEAE . TR 20 MUBRH 4T, Mun & AT
HAb A AE B 20 578 2 1P E4E .

1.42 BERNAHEAZLERGRGERE FIH®
e K% R G RER G, Joks M R AE T
FPBEM & b, HIRIEED & b1 E AL L0 #EAE
M, F 4 H SO IR RS, RN e P iR E T
J7 1) b 22 250 AT A v T AR R R AR AT
PLHCIRTS— 1T BUR R RO IE X 8 EIE B, W
A3z H1 A & # 3, (ERE AR Bl 2 3 KSR E AT
A EBATHOE RS D, RS RZHEAR B
RS, R EERCRE . EEU PR, RE
75 PR ED G B

143 BENHZLEALOTALE LEER
RSB LR G EMRKERES, HEERG

FETE MG R ABEANN 22 7= A 3K % 22 1 H ORI,
JIr LA — R R SN B E 2R AT TAL 3 . 0 TAL B 1K 77
EIRZ, TTEAFE R R R A —FE, &I
J3EAL BRI 55 F 22 9 B e | SRR L U A
Xof T T 1 4 1 RS S, 4 vy e A AR A I TR e
73, [FIIS 38 A LK R4 A A2 e

K H Z o U B2 IE (Multiplicative scatter
correction, MSC). IH—ft4b 2. Zscore b2, S-G
JEPE (Savisky-golay filtering) 4 Ff il &b BE 77 ¥ 6 #£
A8 6 R i AT AL PR . MSC Rl o — %
CRRABGIE A 4 7 S o' 1 AR 4K 55 R e 2T A
e AR ] R MO0 &R, B R T B b iU A 2
LRI X v il 2 1 5 e B U — A B T A E
TR AR R M AN S 51 R ) 5 HOR IS 5
Zscore J7 15 & WIUE vk F b AT R AR () O
e/, FHECHE DR 25 SR AR HE 1K P 2 ME, P ASAE 1 R
PABRAEZE : S-G UE B L — P ZE I 42 A iz F JR) 1 22 T
1, 4G ZRIER BB AL A B UE I EIE, %
SREVEAE X HICHE 2 W I R DRI S 6 B3040 1 0 L TR
SERFEA KA o JE 2 13X 4 Fhfiab 277
EIEAT
144 BERHAEHEE LT F HEEE
XoF TR P ] 26 ~F- 350 6 v B R AT B 4, T 4 U B
A I8 FRFERAS, FRRE 3 K d5 K BRFE I8 IR ) 4 4
i, FEORIEA 06T K G5 B, fERRETURTE
B 22 A g I [ I ek D s A PR, B S AR
TR ARG B, ST R R

K HE S ¥ 5% (Successive projections
algorithm, SPA) Hl 3 i 4 73 #1i% (Principal
componens analysis, PCA) 2 F 5 2 %] ] 2 A A S 1%
HEATFE4E . SPA 8 M EE S 11 P 30 s h 4 HURE
TR B, TRIAAR Y, i J 1 TR I 1) 227, PCA F
72 [ SR TR P A1 4 D't 0 504 A DG It R AT 20 A, SR
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A RH I 1) A8 5 FH 28 14 738 A e 46 R A0 1t 1) AH EL
SEAR B, T S H A RE R I A B M AR &, DL
WG PR AE BE, $RHH B R X ) 32 24E B

1.45 feFsbEmaEfyx fpefFhEiE
TAREEREA, EX AR B E LA 2 R AR
ASTR] PR WSCRT S SR o 8 T3 A Ji 2 AT DAHE W H
KA B 1 e vl AR 5 R A AT P e B AT
TEHE—E LR . G HHERE KA I AR 2 2
F e EUE AT T4 I () 558 .y 1 R 4L
A TS UG AL B B J AL O R, AN SR A
S FE = ALIE I (Support vector regression, SVR) Xif
U FHE A € A 2E I = AT . SVR 2
— PP XA BRFEA I 5 2] 7, B S ST R
G5 A6y AT FRL L FOUINRG PR 0 v R RE R, O AR R R B M
T ERE AR R B R I AR . SVR K% iR
E SR G [l 1, ik A 4 M i 5k R A i
P e S 2 v o AR AOE A 1), m] DL A ke A ot 4L

LG,
2 ZEREDR

21 BARRHEGEZESH

6 1™ it R T 1 ) £ A SYIAN [R] B B R 2R B A
OH SR ENEL R IR 1 PR, K, BREE
TERET 5 DPrBOh, AR s MRAEIRET 4 4
BrBc. B 1R LUE Y, AR A AT RE R, AN AL
T (0 2 5 B X, 70 A X 1) 22 5 K
BB B O & R AEAN BT, FREE
FEER 5 AN B L T IR B, X 518 AR B
& A AR A S SRR T . T
=TRSO E S BRI Rz, CH
b shle S R, (BT ZE B A R
o 6 A it A B R AR E ZE R, 7T T A S AR R T
B A ANPGRS iierg =
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Table 1 Statistics of anthocyanin content during ripening in winegrape skins of six varieties pl(g'L™
RO S A [F) U B ZH VINE7 Lb i AR YA o [

FIM B THME 0.1127 0.027 6 0.011 4 0.039 5 0.029 5 0.057 9
PRt 2 0.005 2 0.003 4 0.001 5 0.009 2 0.016 5 0.006 0

R2WT B P 02116 0.269 0 0.080 1 0.1750 0.336 4 0.3570
PRt 22 0.019 8 0.033 1 0.0149 0.0122 0.055 0 0.007 3

H3BTEL THME 0.3422 0.266 9 0.527 8 0.350 3 0.879 4 0.974 8
FrifE % 0.020 1 0.019 0 0.0310 0.0753 0.128 3 0.036 2

A B FHME 0.563 0 0.307 9 0.5912 0.8227 1391 6 1.197 2
PRt 2 0.016 7 0.0220 0.065 5 0.079 5 0.060 8 0.036 9

S B SEME 0.528 9
FrifEZ 0.053 5

BA B THME 0.307 4 02179 0.3479 0.346 9 0.659 2 0.646 7
PRt 22 0.169 3 0.1132 0.2520 0.301 1 0.526 6 0.459 4

WZRERME KL O 2 E S BG4
RANEE 2 o, X = o E S JMAS TP EIE

AARHEZ2 AT DL IR AS — 2, Ui IR SR (KRR AR 7 A
B5], oy SR ah R BAT B I & BAE AR

x2 NGEMREREREIERITE

Table 2 Statistics of anthocyanin contents in the training set and the testing set pl(g'L™)
WiH FEALH £ PRt 2 B AAE /ME M
VIERS 50 1.405 8 0.009 6 0.422 8 0.376 8
IR 25 1.4579 0.0113 0.408 6 0.368 0

2.2 EIEEURIRS T
KEEOCEEBE, HEBR TN ENVI 4.7
(Research System Inc., USA) FAF b7 TiAb £ . 1@
GG 2 P i Ab R L 2, AR RS T,
http://xuebao.scau.edu.cn

IEHL 960~1 665 nm [X [A] (1] 208 /> Bt ik H 4 A
FIG84b 3. & 2a B BRI & FEATE 1011 nm
TR A E e R . BRIz A, 3% R A
e i 2 A (1 057 nm) FIEAS (1 396 nm) ALHY
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Fig. 2 Sample extraction of winegrape

2.3 ZmMEEREZERAEAE ST
Bl 3 A& 6 ANANIR] e ot 3 RGP 8 47 4 AR 4 960~
1665 nm Y KTE Bl N 24001 #i 2k, A il 2 mT BL
HMWMAE S, ‘SHEE R RAHME R, R
BRIk R, U AR ASED AR O i 2
0.60
0.55
0.50
045t
0.40
Z035
X 030]
0.25
0.20f
0.15}
0.10f

BAAK, 6 A SRR S g il 26 7k A AR — 2L,
HBAETE 1 065F1 1 275 nm Bftilr L 04 75 1 190
A1 450 nm PHITHIRPEAY o X & H T 40 MR BL
& TS A AR, RS A
AR AR T 20 A R AN R T2 B o

960 1030 1100 1170 1240 1310 1380 1450 1520 1590 1660
A /mm

3 6 MERERERENTFELIEL

Fig. 3 The mean spectral profiles of six different winegrape varieties

24 SCIEBURMREYES R

g1 it AL B 8 AT SPA R PCA %
Yk SPA FFHERT, BRI 35 0 R5 AL P B B ANl i
20 >; T H] PCA FEZERT, BRI 325870 (K R T sk
f£.99.5% LA E. T id e, R Zede kit
A7 10 #7538 R AE, 3 10 b AE I 3 7 HR R
7= (Root mean square error, RMSE) >KHff i€ i £ [ 4F
AEW B o

Kl 4 Wt Zscore+SPA [RF4E4s R, H

Kl 4a W] 1, ALK R 208 AN BB N 8 A
FRAE S B, MR R D T LR AE B, H RMSE N
0.209 69, /EFTH SPA [F4est Bh KK . H
Kl 4b 7T DLE H, 8 MNMRRAEBE K 23 I TE 9604 1 063
1161.1380.1416.1531.1590. 1662 nm 4, ‘EA]
KR53 HRAL T 56185 il 2k 1 e i MR A5 A6 B, 7T DAL
U sz e ot 2 ) 5

K5 5 01 H—AL+PCA [ F&4E4s 53, MK 5 ]
H1 AT 4 A F G B TTERE 2T 99.50%, &
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Fig. 4 The feature reduction analysis by SPA
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Fig. 5 The cumulative contribution rate of PCA

£]99.63%. HHE 1 TR BN 4 A5 1 ok
K454 80.63%- 15.14%- 3.15% F1 0.71%.
25 EREEEMNATTEERIEEESTN

DL HS AR AE 3 K B 32 2 7B SVR B4
A i, R A HAEAE N AL &, R 1ibSVM B

K ZERY, 7R PCA+SVR. SPA+SVR Tl
., SVM KM% B N epsilon-SVR, #Z RN
BRINF 4% 1) 3 pR 0 (Radial basis function, RBF), i
KRR EDUE Y 0.01, 456 PR S S 2 s Y
cflgfH.

NS TS Y (A 55, SRAF I B, SR
IR &E Ve e 250 (R2)- ¥ 77 #R % 2% RMSEc i
B AR R E R AL (R2) TR 22 RMSEp iX 4 4
Fa AR AE VT TI0INASE RY (RAR AR, 0 % A5 Y gk 4T L
B BEROLT, RRBEIE T 1, U A1 R
K, B E XX RS R Y AR bl vy, 4 b 7E [
U2 B A UL 8% i B 22 s RMSE BT T 0, 15 9]
JIT A5 FRUINASE R BR A, FHUIARS Rk A

L3NG KRG 4R, &3 7]
%0, SVR B AR 6 S B 4F, T 35 77 AR R 2
FARLE 0.2 K47, U SVR Bar gk 76 1% K%
HUAE 0 A 2B A AAAE I B R 2R e 4 B2
WRRGEN . WAL TT AR, JF G HE BN

®3 TUNEBRMEESITR

Table3 Performance of different prediction models

P A
B e %ggﬁ . — PEN FEAR R% .
SPA+SVR Y GEAE 14 0.8620 0.1416 0.779 6 0.176 3
Zscore 8 0.997 0 0.020 8 0.869 1 0.1359
En:iCh) 4 0.656 3 0.2232 0.616 3 0.232 6
H—1k 7 0.972 2 0.063 5 0.599 4 0.2377
S-GUE 11 0.847 8 0.148 6 0.769 9 0.180 1
PCA+SVR R HAE 4 0.987 4 0.042 7 0.8176 0.160 4
Zscore 5 0.996 9 0.0212 0.762 0 0.1832
% T 5 0.9577 0.078 3 0.8517 0.144 6
H—4 4 0.998 5 0.0147 0.853 8 0.143 6
S-GUEH 5 0.983 4 0.049 0 0.845 6 0.147 6

http://xuebao.scau.edu.cn



116 oW ok W K ¥ %

539 &

A3 ST AR Y TR AR B 2R A R ER T R AE U B
B2, WA 7 A A B R A E BT A, A
R S TR SRS N 5 A3 B (180 AR A0 9 K A R B ¢
REARY PR TR AE T R, Zscore AL FREE A T HoAth 15
AEFR TV, RN, B SPA+SVR AR AL o () B AR T
AR TTIE, PCA+SVR AR A A — 4k b BEAB15 2]
TR R WL E, X T A0 [ AL 2 5
%, SPA FE4EJGRHIE KA E09 2 T PCA F4E)5
f 3 B B AR U, PCA A4 250 SR S AR AT

T SPA. WAL AI B AKYERE R, Zscore+SPA+SVR
R (K 6a)s JH—4L+PCA+SVR #i Y (& 6b). £ T
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Fig. 6 Comparison of observed values and predicted values from different models precticting anthocyanin contents in wine-

grape skins
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